Colored asphalt pavement plays an important role in city beautification and traffic management. To avoid rutting, moisture damage, and color degradation, enhanced compatibility between colored asphalt and aggregates should be achieved. In this paper, silane coupler was applied to modify colored asphalt to improve pavement performance. The enhanced interfacial force between organic and inorganic materials and improved adhesion of colored asphalt and aggregates were realized by the "bridging effect" of silane coupler. Marshall test, immersion Marshall test, rutting test, and bending test under low temperature were conducted. The results indicate that the modified colored asphalt by silane coupler exhibits fine pavement performance.
INTRODUCTION
Petroleum asphalt has dominated in pavement construction [1, 2] . With the development of economy and society, landscape projects including asphalt driveways, asphalt walkways, asphalt streets, asphalt bike paths, and asphalt walking paths have been required for environment beautification. Colored pavement as the role of urban traffic organization and landscape is increasingly concerned [3] . The colored pavement makes roads and surrounding environment more coordinated, which is more conducive to beautify city and induce traffic. Different colored pavement in different lane is superior for traffic guidance, and color distinction gives directly visual guide for drivers, which played an important role of traffic organization and management [4, 5] . To avoid rutting, moisture damage, and color degradation, enhanced compatibility between colored asphalt and aggregates should be achieved for facile construction and special application, further modification on colored asphalt could be realized by functional additives, such as inorganic nanomaterial [6, 7] , coupling agent [8] , warm mix additives, or special anti-rutting agent [9] .
In this paper, silane coupler was applied to modify colored asphalt to improve pavement performance. The enhanced interfacial force between organic and inorganic materials and improved adhesion of colored asphalt and aggregates were realized by silane coupler. Marshall test, immersion Marshall test, rutting test, and bending test under low temperature were conducted.
EXPERIMENTAL
Materials. Aromatic oil, petroleum resins, ethylene vinyl acetate (EVA) copolymer and styrene-butadiene-styrene (SBS) block copolymer as common chemicals were purchased from Jinan Double Pavilion Chem. Co., Ltd, China. Silane coupler KH-550 (3-aminopropyltriethoxysilane) was used as received.
Preparation, modification, and physical performance of colored asphalt cement. A certain amount of aromatic oil, petroleum resin, and EVA were mixed and stirred at 150-160°C, then a small certain amount of SBS was added to the mixture under high-speed shearing at 170-180°C. After a developing procedure for 30 min, colored asphalt was obtained. Different ratio of silane coupler was respectively added to the as-prepared colored asphalt under high-speed shearing at 170-180°C. A series of modified colored asphalt were obtained.
Preparation for test specimen of modified colored asphalt concrete. AC-13 type gradation was employed, and 4.5% as modified colored asphalt-aggregate ratio by test was confirmed. Marshall test specimens were prepared for various test.
Performance test of colored asphalt before and after modification by silane coupler, and modified colored asphalt mixture. Test Procedures for Asphalt and Asphalt Mixtures for Highway Engineering (JTG E20-2011) was applied for the performance test, including penetration degree, ductility, and softing point for colored asphalt before and after modification by silane coupler, and Marshall stability, Marshall residual stability, dynamic stability of rutting test, and bending test under low temperature for colored asphalt mixture.
RESULTS AND DISCUSSION
Preparation and modification of colored asphalt. The color asphalt composed of aromatic oil, petroleum resin, and polymer additives possesses similar performance to common petroleum asphalt. The physical performance of the resulting corlored asphalt before and after aging were shown in Table 1 . The physical performance simulates that of 70# petroleum asphalt. After aging, the penetration degree and ductility of the colored asphalt decreased as expected. The mass loss after aging is in accordance with the technical requirements.
Silane coupler was employed to modify the colored asphalt to realize enhanced compatibility between colored asphalt and aggregates. As shown in Table 1 , after the addition of silane coupler, slight changes occurred in the physical performance of colored asphalt before aging. For example, the penetration degree varied from 61.3 to 60.0, 57.5, 60.4, and 58.9 by 0.2%, 0.4%, 0.6%, and 0.8% (m/m) addition, respectively, which can be attributed to the partial cross-linking of colored asphalt and silane coupler. Similar results of ductility and softing point were also obtained. This demonstrates that the physical performance of colored asphalt keeps basically stable after modification. After aging, the ductility of modified colored asphalt shows a significant decrease, which can be ascribed to the higher cross-linking at high temperature during the aging procedure. This disadvantage should be avoided to damage the pavement performance.
Pavement performance of colored asphalt mixtures. Marshall residual stability was employed to evaluate the moisture damage resistance. As shown in Table 2 , the Marshall residual stability is satisfied with the technical requirement after modification as well as before modification. Furthermore, the sample after modification showed higher residual stability. This indicates that the colored asphalt mixture possesses fine moisture resistance for pavement construction.
Dynamic stability derived from rutting test was used to evaluate the stability of colored asphalt mixture at high temperature. The dynamic stabilities of colored asphalt mixture before and after modification were 3800 times/mm and 4600 times/mm, respectively. These results are satisfied with the technical requirement, and in accordance with that of Marshall stability test.
Performance of colored asphalt mixtures under low temperature. Bending test were conducted for evaluating the performance of colored asphalt mixture under low temperature. Shown in Table 3 , at -10°C, the failure load, flexural tensile strength, mid span deflection, bending stiffness modulus, and maximum bending strain were obtained. Under low temperature, for asphalt mixture, the decreased viscosity and increased brittleness cannot resist the shrinkage stress caused by temperature reduction. Therefore, the cracks of asphalt mixture mainly come from the fracture of binder. Shrinkage damage of asphalt pavement is mainly caused by volume contraction, and the surface layer of mixture bear tensile stress and strain due to the volume shrinkage. The tensile failure will occur when the stress and strain cannot meet the requirement. For asphalt mixture, the higher stiffness modulus results in the smaller tensile strain and the worse deformation resistance. From this point of view, the performance under low temperature after modification is prior to that of before modification. 
CONCLUSIONS
Silane coupler was used to modify colored asphalt to improve pavement performance. The enhanced stability at high temperature and fine performance under low temperature can be achieved. The increased interfacial force between organic and inorganic materials and stronger adhesion of colored asphalt and aggregates were realized by the "bridging effect" of silane coupler. All results show that the modified colored asphalt by silane coupler exhibits fine pavement performance.
